ADDITIONAL INDEX WORDS. out-of-school time, children's nutrition education, fruit and vegetable preference, self-effi cacy, outcome expectations SUMMARY. An eight-lesson gardening and nutrition curriculum with a hands-on gardening emphasis was taught as an after-school program to determine the effect it had on increasing children's nutrition knowledge, fruit and vegetable preference, and improving children's self-effi cacy and outcome expectations for gardening and for consuming fruit and vegetables. Seventeen fourth grade students participated in the experimental group as part of an after-school gardening club, and 21 fourth grade students served as the control group. Nutrition knowledge, preference, self-effi cacy, outcome expectations, as well as demographic measures were obtained at baseline and end-program. There were no differences in nutrition knowledge scores between or within groups at baseline or at end-program. However, baseline scores were high (>7 out of 10 possible) for both groups. Both groups indicated a high preference for fruit at baseline and end-program. Vegetable preference did not increase over the course of the program for both groups. At baseline, measurements of gardening self-effi cacy and outcome expectations were signifi cantly different between the groups. The experimental group was able to maintain high self-effi cacy and outcome expectations scores during the program, but the control group's scores increased signifi cantly for gardening self-effi cacy and outcome expectations at the end-program assessment. Further research to clarify aspects of gardening (i.e., season, harvesting, crops grown) that have the greatest impact on infl uencing preference, self-effi cacy and outcome expectations is needed.
O ver the past three decades there has been a general improvement in the health status of American children. However, U.S. children still need to develop healthy eating and physical activity patterns that will help reduce the risk of chronic long-term health problems such as obesity, coronary heart disease, type-2 diabetes, stroke, cancer, and osteoporosis. Healthy eating habits in childhood also help to prevent undernutrition and growth retardation as well as other child nutrition problems such as iron-defi ciency anemia and dental caries (Nicklas and Johnson, 2004) . Healthy eating habits in children can best be achieved by eating a variety of foods in moderation as recommended by the new U.S. Department of Agriculture (USDA) Pyramid Plan (USDA, 2005) .
Previous USDA Food Guide Pyramid recommendations were that all Americans consume a minimum of two servings of fruit and three servings of vegetables daily, and may now be higher depending on age, gender, and physical activity level (USDA, 2005) . Data from the Continuing Survey of Food Intakes by Individuals (CSFII) 1999 (CSFII) -2002 show that children age 6 to 11 years are only consuming an average of 1.4 servings of fruit and 2.1 servings of vegetables per day (Cook and Friday, 2004) . The percentage of children consuming at least the minimum servings of fruit and vegetables was 25%. The percentage of children who consumed less than one serving of fruit or vegetables per day was 53% and 33%, respectively (Cook and Friday, 2004) .
Schools are consistently being identified as appropriate sites for health education and promotion.
Many multidisciplinary programs have been launched to educate students about the benefi ts of eating fruit and vegetables (Levine et al., 2002; Perry et al., 1998 Perry et al., , 2004 Reniscow et al., 1998) . Studies have shown that school gardening can be an effective strategy to increase school children's nutrition knowledge and preferences for fruit and vegetables (Canaris, 1995; Cason, 1999; Lineberger and Zajicek, 2000; Morris et al., 2001 . However, the specifi c amount of time spent gardening has not been reported in the literature on children's gardening and nutrition programs.
Social cognitive theory (SCT) is the most common theory used in successful behavior change programs for children (Lytle and Achterberg, 1995) . In 1962 Albert Bandura began developing the beginnings of what is now called SCT, and with help from his collegues, has identifi ed many different constructs in SCT that are important in understanding behavior (Baranowski et al., 1997) . Person factors, otherwise known as moderating variables, are an individual's unique aspects that are relevant to behaviors, such as taste preferences, perceived self-effi cacy, or outcome expectations (Kirby et al., 1995) . Self-effi cacy is a judgment of one's ability to organize and execute given types of performances (Bandura, 1997) and has been identifi ed as an important variable in children's behavior change research (Domel et al., 1996; Ryan and Dzewaltowski, 2002 ). An outcome expectation is a judgment of the likely consequence such performances will produce (Bandura, 1997) . These moderating variables are constructs often used in SCT research (Bandura, 1997 (Bandura, , 2004 Reynolds et al., 1999) . SCT provides a foundation for designing interventions because it establishes a basis for understanding how complex characteristics interact (Kirby et al., 1995) .
The objective of this study was to follow eight specifi c lesson objectives chosen from the Junior Master Gardener: Health and Nutrition from the Garden Curriculum (Genzer et al., 2001) , with 30 min of gardening time during each lesson to determine if the combination increased children's nutrition knowledge, fruit and vegetable preference, and self-effi cacy and outcome expectations for gardening and for consuming fruit and vegetables.
Methods

DESIGN AND PARTICIPANTS.
This study was quasi-experimental with baseline and end-program measurements. Participants were directly recruited from two elementary schools in Manhattan, Kans. At the experimental school, 17 fourth grade students participated in an after-school gardening club for 10 weeks, and baseline data and end-program measurements were obtained during the fi rst and last meeting of the garden club. A class of 21 fourth grade students from a different, but similar elementary school, served as the control group for this study. Baseline and end-program measurements were taken about 6 weeks apart for this group in cooperation with the classroom teacher's availability. Fourth grade students were the targeted audience for this study because the chosen curriculum, Junior Master Gardener: Health and Nutrition from the Garden (Genzer et al., 2001 ), was developed and tested for this cohort.
CURRICULUM. The curriculum for this study was eight lessons selected from the Junior Master Gardener: Health and Nutrition from the Garden (Genzer et al., 2001) program that refl ected a balance between gardening and nutrition lessons. Program objectives of each lesson were followed closely. Weekly lessons and objectives can be found in Table 1 Volunteer help was recruited by the researchers for this study. Three Master Gardeners, two university students, and two researchers attended each session. Master Gardener and student volunteers facilitated and led small groups during the lessons, as well as helped supervise proper gardening techniques during the gardening portion of the lessons. All program lessons were led by one researcher while documentation of the lesson and behind-the-scenes preparation were done by the second researcher.
MEASURES. In this study the variables that were measured were nutrition knowledge, fruit and vegetable preference (Cronbach's alpha = 0.18 and 0.55, respectively), self-effi cacy for gardening (alpha = 0.81) and for fruit and vegetable consumption (alpha = 0.28), and outcome expectations for gardening (alpha = 0.71) and for fruit and vegetable consumption (alpha = 0.67).
Nutrition knowledge was assessed on a variety of general nutrition topics with a 10-item questionnaire in multiple choice and true/false formats (see Table 4 for examples). Questions were derived from the Family Nutrition Program (FNP) standard program evaluation questionnaire for students in grades 3-6 (FNP, 2003) , a research instrument with similar outcome measures used at Texas A&M University (J.M. Zajicek, personal communication), and the nutrition-centered lessons from Junior Master Gardener: Health and Nutrition from the Garden (Genzer et al., 2001) .
Fruit and vegetable preferences were assessed with four fruit items and eight vegetable items considered common in Kansas. Fruit and vegetables were considered common if they were readily available at local grocery stores. This preference assessment was adapted from a similar fruit and vegetable preference instrument (Domel et al., 1993) in which a list of common fruit and vegetables is shown. Reported alpha coeffi cients for fruit preference ranged from 0.68 to 0.78; vegetable preference ranged from 0.68 to 0.76 (Domel et al., 1993) . The students were asked to mark whether they "liked," "liked a little," "disliked," or "did not know" a particular fruit or vegetable on the list. Responses marked as "liked" were scored with 2 points, "liked a little" with 1 point, and "disliked" with 0 points; "did not know" responses were scored with 0 points and coded with a 9 for further analysis. Scores were then added to produce a total fruit preference and total vegetable preference score. Total possible fruit preference score was 8; total possible score for vegetable preference was 16.
The self-effi cacy instrument was adapted from previous research that measured self-efficacy in children (Domel et al., 1996) . Two categories of self-effi cacy were measured: gardening self-effi cacy, and fruit and vegetable consumption self-effi cacy. Self-effi cacy is task-specifi c, so fi ve task-specifi c items for each category were asked and then added to produce a total self-effi cacy score for that particular category. For example, for gardening self-effi cacy, students were asked how sure they were that they could do particular tasks associated with gardening (grow a small garden, water a garden so the plants can grow, etc.). Students responded on a three-response Likert scale whether they were "sure" they could do that particular task, "somewhat sure," or "not sure" whether they could perform that particular task. Responses were scored with a 2 for "sure," 1 for "somewhat sure," and 0 for "not sure." These scores were then added to produce a total self-effi cacy score for that particular category. The 
RESEARCH REPORTS
total possible score for each category of self-effi cacy was 10. The outcome expectations portion of the questionnaire was adapted from Domel et al. (1995) and included eight items: fi ve items addressed gardening outcome expectations and three addressed fruit and vegetable consumption outcome expectations. These were assessed in a manner similar to the previous self-effi cacy measurement in that students were to respond on a three-response Likert scale how true each particular statement was for them. The responses were either "sure" (yes, I agree this is true for me), "somewhat sure" (yes, I partly agree with this), and "not sure" (no, I defi nitely do not believe this is true for me). For example, with the statement "growing a vegetable garden will be fun," students were asked to mark the circle that they most agreed with for that statement. A response marked as "sure" was scored 2 points; "somewhat sure," 1 point; and "not sure," 0 points. To determine the total outcome expectations score for each category, all the items within a particular category were added and averaged. This produced a total possible score for gardening outcome expectations of 10; and the total possible score for fruit and vegetable consumption outcome expectations was 6.
DATA ANALYSIS. All data were analyzed using SPSS (version 11.5; SPSS Inc., Chicago). Instrument reliability for each measure, except nutrition knowledge, was calculated by using Cronbach's alpha coeffi cient. Based on children's nutrition and behavior change research, measures were considered reliable if the alpha coeffi cient was ≥0.55 (D.A. Dzewaltowski, personal communication). Measures with acceptable alpha coeffi cients were then further analyzed for between-and within-group differences. Betweengroup analyses were conducted using independent t tests and within-group analyses were conducted by using paired t tests. In measures where the Cronbach's alpha values are low (fruit preference and fruit and vegetable consumption self-effi cacy), only the means are reported in the tables because further analysis of these measures was not appropriate.
Results and discussion
Demographic information collected on all participants indicates that the groups were similar (Table 2) . This study had a small sample size with no replication. Therefore, the results of this study cannot be generalized to populations outside of this study without caution.
STUDENT ATTENDANCE. Student attendance for this project was very high. Seventeen students regularly participated in the garden club, with the average attendance being 96%. Thirteen of the students attended all garden club meetings and of the four students who had absences, no student missed more than two meetings.
NUTRITION KNOWLEDGE. There were no signifi cant differences between the experimental and control group mean scores at baseline or over the course of the program for nutrition knowledge (Table 3 ). The highest possible score was 10 and students in both groups scored a 70% or greater at baseline. These high baseline scores suggest that the students were already familiar with the nutrition topics that were addressed in this curriculum. Five questions on the nutrition knowledge portion of the test produced consistently high responses at baseline and end-program for both groups. Of these questions, the lowest score at baseline was 82% and end-program was 84% (Table 4) .
FRUIT AND VEGETABLE PREFERENCE. Mean fruit preference scores were high at baseline and end-program for both groups (Table 5 ). The experimental group indicated a preference for 89% of the fruits listed and the control group preferred 75%. This high preference for fruit by children supports the current literature (Baranowski et al., 1993; Domel et al., 1993; Lineberger and Zajicek, 2000) . Because the reliability coeffi cient was low for this scale, further analysis on this data was not appropriate.
For vegetable preference, there were no signifi cant differences in mean scores between the groups at baseline or end-program measurements, and no signifi cant differences in scores over the course of the program for either group ( Table 5 ). The experimental group preferred 68% of the vegetables on the list at baseline, whereas the control group Table 2 . Demographic information collected from the experimental and control groups in the study of a 10-week after-school gardening and nutrition program for fourth grade students.
Demographic
Experimental Control data z (n = 17) (n = 21) Signifi cance P = 0.287 P = 0.659 (df = 36, t = 1.081) (df = 36, t = 0.445) z Total possible score for nutrition knowledge was 10.
y
The experimental group participated in an eight-lesson (10-week) gardening and nutrition program. The control group did not participate in this program. Each group attended a different school. x The letters "B" and "E" represent mean baseline and end-program scores ± SE, respectively. only preferred 55% of the vegetables at baseline. Both groups' mean score did increase from baseline to end-program, although not signifi cantly. Previous work by the researchers had similar results in that there were no significant changes in vegetable preference during the program, and that overall participants preferred about 50% of the vegetables listed on the questionnaire (Poston et al., 2005) , but others reported that children's vegetable preference increased after participating in a nutrition and gardening program (Lineberger and Zajicek, 2000; .
The sample size of this current study is small when compared to those previously mentioned. Lineberger and Zajicek (2000) and had treatment groups of 50 or more and therefore had a higher probability of detecting differences between treatment groups. However, there are other differences between this current study and previously reported studies that might also help to explain why vegetable preference results in this study were not consistent with its predecessors.
One explanation could be the difference in program length of this study compared with previous studies. Lineberger and Zajicek (2000) and conducted their programs over the course of a school year and a 17-week program, respectively, while this study was a 10-week after-school program. Although students grew vegetables in all three studies, the amount of vegetables that actually can be harvested in a 10-week program are more restricted when compared to a 17-week or yearround gardening program. It is possible that the task of students harvesting the vegetables they grew could be a critical component in infl uencing their 
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vegetable preference. Furthermore, researchers should quantify gardening activities in existing programs as much as possible to determine, for example, if harvesting the vegetables grown in the garden has an effect on increasing students' preference for those vegetables.
In addition, during the 10-week program, we taught one lesson each week for a total of 80 min. report teaching nine nutrition lessons every other week for 17 weeks, but do not report the total program time for each lesson. Lineberger and Zajicek (2000) required the teachers in their study to teach at least one lesson from each of the 10 units in the curriculum during the school year. The total amount of time the teachers and program leaders spent teaching these gardening and nutrition lessons is important information that is not reported. Also, this study was an after-school program, and previous literature has been on gardening and nutrition programs that all took place within the school day. Programs within the school day differ greatly from those occurring after school. For example, teachers have certain expectations of children's behavior in the classroom that after-school program leaders may not have.
SELF-EFFICACY. The mean baseline scores for gardening self-effi cacy of the experimental and control groups were signifi cantly different; however, at end-program, scores of the two groups were not signifi cantly different (Table 6 ). The experimental group maintained high self-effi cacy for gardening at end-program; however, gardening self-effi cacy scores of the control group increased signifi cantly over the course of the program. Perhaps the students who were exposed to and learned proper gardening techniques acquired more skills over the course of the program, enabling them to maintain their high gardening self-effi cacy during the program. The control group's increase in gardening self-effi cacy might be explained by seasonal change. As spring weather progressed to summer, control students could have had more opportunities to be outside and garden in-between the two times when they were tested.
Mean scores for fruit and vegetable consumption self-effi cacy for both groups increased (Table 6) . Domel et al. (1996) stated that the students in their study reported being somewhere between "a little confi dent/sure" and "very confi dent/sure" that they could do the various tasks concerning eating more fruit and vegetables. OUTCOME EXPECTATIONS. Mean baseline scores for gardening outcome expectations were signifi cantly different between the groups (P = 0.000) ( Table 7) . This is likely a result of how the experimental group had been recruited. The students were asked to participate in the gardening club, and those who had an interest in gardening therefore could have had higher outcome expectations of gardening. Interestingly, over the course of the program the experimental group maintained high outcome expectations for gardening, while the score of the Gardening and fruit and vegetable (FV) consumption outcome expectations baseline and end-program scores for  the experimental and control groups in the study of a 10-week after-school gardening and nutrition program for control group signifi cantly increased (P = 0.013). These results parallel the gardening self-effi cacy results for this study. The control group signifi cantly increased its gardening self-effi cacy and outcome expectations score while the experimental group maintained a high score for both. This can be explained by the relationship of self-effi cacy and outcome expectations within SCT. Logically, as one increases their selfeffi cacy in a particular action, one has more predictions of what to expect the outcomes of such actions to be (Bandura, 1997) . Baseline and end-program scores between the two groups for fruit and vegetable consumption outcome expectations were not signifi cantly different (maximum possible score of 6) ( Table 7 ). The experimental group had higher fruit and vegetable consumption outcome expectations at baseline but signifi cantly decreased those over the course of the program (P = 0.034). This could possibly be the result of how ripe some fruits were when served at two of the garden club sessions. Even though the questionnaire assessed health-related expectations rather than taste, perhaps the students could have remembered the taste of those particular fruits and that memory could have infl uenced their response to these questions during the end-program assessment. Overall, students in both groups had high outcome expectations for eating fruit and vegetables.
Conclusions
Baseline nutrition knowledge scores of the experimental and control groups were very high. These high scores suggest that school nutrition lessons and programs such as 5-A-Day (Perry et al., 1998) and Team Nutrition (Levine et al., 2002) are successful at teaching nutrition knowledge. However, knowledge only creates the precondition for change; additional self-infl uences are needed to overcome the barriers to adopting new lifestyle habits (Bandura, 1997) . Increasing preference for fruits and vegetables is a very important step to increasing fruit and vegetable consumption in this cohort (Baxter and Thompson, 2002; Domel et al., 1996) . This study did not increase vegetable preference, which contradicts reported research (Lineberger and Zajicek, 2000; . In addition to sample size, differences in the methodology of this study compared with previous research were found. Future research should determine whether the program length and delivery (in school vs. after school) of gardening and nutrition programs are more critical, or if certain aspects of the program (instruction, planting, gardening maintenance, harvesting, and season) are more critical in helping to increase children's vegetable preference. In addition, this study supports the use of SCT in gardening and nutrition research through the use of preference, self-effi cacy and outcome expectation instruments.
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